Objective: As it is now known that primary aldosteronism (PA) is more prevalent than was previously recognized, and is a potentially curable cause of hypertension and related cardiovascular diseases, the search for a safe and effective means of its diagnosis has reemerged as a topic of interest. Adrenal venous sampling is the gold standard for diagnosis of PA, but the technique is challenging and the small right adrenal vein can be particularly difficult to cannulate. Our objective was to evaluate the usefulness of computed tomography during angiography (angio-CT) in increasing the success of adrenal venous sampling and to identify factors associated with cannulation failure. Design: Retrospective review. Methods: A total of 140 consecutive patients with suspected PA except Cushing's syndrome treated at a single hospital from June 2008 to May 2013 were included. Catheter misplacement and correct cannulation rates before angio-CT and success rate of sampling after angio-CT were calculated. Univariate analysis for factors related to incorrect cannulation included gender, age, height, weight, BMI, and adrenal nodules. Successful sampling was biochemically defined according to cortisol concentrations in the venous blood samples. Results: Angio-CT detected misplaced catheters in 13 patients (9.3%). The calculated correct cannulation rate of adrenal vein sampling increased from 86.4% before angio-CT to 95.7% after CT (P!0.001, McNemar's test). Univariate analysis showed a tendency for a higher rate of failure of right adrenal venous sampling in taller patients (PZ0.052, Mann-Whitney's U test). Conclusion: Angio-CT improved success of adrenal venous sampling.
Introduction
Primary aldosteronism (PA) is recognized as the most common cause of secondary hypertension. PA can result from an aldosterone-producing adenoma, bilateral idiopathic adrenal hyperplasia, unilateral adrenal hyperplasia, and other causes (1, 2) . The prevalence of PA among patients with hypertension is now thought to be as high as 11%. Patients with PA caused by unilateral hyperaldosteronism have an indication for surgical treatment, which can cure or alleviate hypertension and reduce the risk of cardiovascular complications (3) . Adrenal venous sampling (AVS) is regarded as a gold standard for confirming the laterality of hyperaldosteronism in the diagnosis of PA, and a successful AVS can provide definitive guidance for further treatment options.
AVS was introduced by Melby (4) in the late 1960s as a test to distinguish unilateral from bilateral PA, but because of its difficulty, the procedure was not commonly used, and it was later thought that computed tomography (CT) and magnetic resonance imaging (MRI) would be adequate to accurately diagnose adrenal lesions. However, it is now reported that up to 37.8% of these lesions may be missed by traditional CT or MRI (5) . Furthermore, CT and MRI cannot provide functional information about the adrenal glands. Thus, the potential contribution of AVS has once again been recognized, and the procedure seems to be regaining popularity as a definitive mode of lateralization of aldosteronism by direct measurement of adrenal aldosterone secretion.
Accurate sampling during AVS is mandatory for correct diagnosis and treatment of PA. The primary challenge in AVS is obtaining the samples from the right adrenal vein, because the right adrenal vein is small and has a complicated anatomy, and there is a high risk of displacement of the cannula due to respiratory motion. The success rates of right-AVS vary (6, 7, 8) , and have been reported to range from 55 to 98%.
Recently, the usefulness of both C-arm (9, 10) and Dyna-CT (11) during AVS has been reported. CT can be used during AVS to provide visual confirmation of correct cannula placement and to reduce the risk of failed sampling, particularly from the right adrenal vein. CT during angiography (angio-CT) is a system that combines traditional angiography techniques with CT imaging. Results of angio-CT in tumor treatment are reported (12, 13) , and in our institution, we have also been using angio-CT for AVS, in particular to confirm correct cannulation of the right adrenal vein.
The purpose of this was to assess the usefulness of angio-CT for facilitating correct cannulation of the right adrenal vein during AVS and to perform univariate analysis to identify factors that could contribute to failed right-AVS.
Subjects and methods

Patients
From June 2008 to May 2013, 148 consecutive patients who were diagnosed with PA according to the guideline of the Japan Endocrine Society (14) , which recommends confirmation by at least two of three tests (captoprilchallenge test, upright furosemide-loading test, and saline-loading test), underwent AVS. Eight of the patients who were diagnosed with Cushing's syndrome or subclinical Cushing's syndrome were excluded from the data analysis. Before AVS, all antihypertensives were changed to calcium channel blockers or a-blockers in accordance with the guideline of the Japan Endocrine Society (14) . The study was approved by the local ethics committee and written informed consent was obtained from all patients whose medical records were reviewed for this study.
Adrenal vein cannulation and cosyntropin stimulation
Patients were prepared in the usual fashion, and 5-French (Fr) and 6-Fr introducer sheaths were inserted bilaterally into the femoral veins using the Seldinger technique. An initial sample of 3 ml of venous blood was collected from the inferior vena cava (IVC) and then a 5-Fr catheter designed for left-AVS (Hanako, Tokyo, Japan) was inserted via the 5-Fr introducer in the left groin and advanced into the left adrenal vein. A high-flow microcatheter (Progreat Omega, Terumo, Tokyo, Japan) was also advanced into the left adrenal branch over a micro-guide wire (Aqua w VIII, Filmecc Co.Ltd, Nagoya, Japan), and was used to collect a 3-ml sample of left adrenal venous blood before cosyntropin stimulation, which will be further described below. A second 5-Fr catheter, designed especially for right-AVS (Hanako), was inserted via the 6-Fr introducer in the right groin. This catheter was carefully advanced and a contrast angiogram was obtained to check the catheter location in the right adrenal vein ( Fig. 1A ) in posteroanterior view. Then the retrograde right adrenal venography was routinely performed in right anterior oblique view (308). If we determined that the first catheter was incorrectly placed, we attempted cannulation using other specialized catheters including Shepherd hook-type catheters or Cobra-type catheters (Medikit, Tokyo, Japan). Once the vessel believed to be the right adrenal vein was cannulated, a microcatheter with a tip incision designed for AVS (Goldcrest, Kosin Medical, Tokyo, Japan) and a microguidewire were inserted into a branch of the vessel (15) ( Fig. 1B) , and angio-CT, described in greater detail below, was performed in order to check for and confirm accurate placement of the right adrenal vein cannula. Repeat angiograms were obtained after angio-CT in every case to confirm that the catheter had not migrated during preparation or performance of the angio-CT examination. If a misplaced catheter was observed on angio-CT, repeat cannulation of the right adrenal vein was attempted and confirmed by the same procedures until it appeared that appropriate placement had occurred. After this, a 3-ml sample of blood was then taken from the right side before cosyntropin stimulation.
Cosyntropin stimulation was carried out by injecting 0.25 mg cosyntropin via a peripheral venous line. During cosyntropin stimulation, the microcatheters in both adrenal veins were filled with heparin sodium (500 U/each catheter) to avoid coagulation. Within 15-45 min after peripheral cosyntropin injection, repeat samples were taken from the adrenal veins and, using a 6-Fr introducer, from the IVC. Data from precosyntropin stimulation specimens were used as reference data, specifically in cases of AVS failure, and postcosyntropin stimulation results were used for data analysis in this study. 
Technical strategies for adrenal venous sampling
Various specialized devices, including the special microcatheters described earlier, were available for use during the AVS procedures (15) . We also used 10 ml syringes containing 3 ml of air to decrease aspiration pressures during sample collection (8) . In order to reduce the potential for displacement of the adrenal vein cannula due to respiratory motion, we asked patients to avoid deep breathing and conversation during sampling and, when necessary, we provided supplemental oxygen. The small incisions at the tip of the special microcatheters designed for AVS are meant to prevent invagination of the venous walls.
Angio-CT specifications and image evaluation
A ROBUSTO 4-MDCT scanner was used for angio-CT (Hitachi Medical Corporation). Scans were obtained with the following parameters: 0.8 s per rotation; 1.25 collimations; 4.69 mm/s table increment (pitch, 3.0); tube voltage, 120 kV; and tube current, 350 mA. The patients were positioned so that their spine was near the iso-center of the CT gantry. The scans were performed without breath holding. Plain X-ray CT scans were obtained with the micro-guidewire in the right adrenal vein (Fig. 1C ) to stabilize the microcatheter and to avoid contrast injection. It is known that a strong injection force can cause adrenal venous rupture (8) . Transverse sections were reconstructed with a 1.25 mm section thickness at 1.25 mm intervals. The reconstruction field of view was set to 25 cm around the aorta. Images were interpreted with a diagnostic-based viewer (We-view, Hitachi Medical Corporation) and only a cine-mode display of the transverse images was used to evaluate the presumed right adrenal vein. Two boardcertified radiology specialists (12 and 8 years of experience respectively) analyzed the imaging studies and in cases of disagreement, a final consensus was reached though inter-observer discussion.
Confirmation of successful AVS: selectivity index
Successful AVS via correct cannulation of adrenal veins was ultimately defined by adrenal venous cortisol concentration after cosyntropin stimulation, which should be O200 mg/dl or greater than or equal to fivefold the cortisol concentration in the IVC specimen, as per the guideline of the Japan Endocrine Society (14) .
Laterality of hyperaldosteronism: lateralization index
Laterality of hyperaldosteronism was confirmed if the aldosterone:cortisol concentration ratio on the side with the greater value was R2.6-fold than that of the side with the lesser value. These definitions were also based on the guidelines of the Japan Endocrine Society (14) .
Calculation of correct cannulation rates before angio-CT and success rates after angio-CT of AVS
We calculated the ratio of misplaced catheters detected by angio-CT and the correct cannulation rate of right AVS before angio-CT. The correct cannulation rate before angio-CT was calculated as: (number of radiolographically successful procedures of AVS)K(number of radiographically misplaced catheters detected by angio-CT)/(140 (i.e. the total number of AVS cases)). We also calculated the success rate of both sides of AVS after angio-CT confirmation.
We compared the correct cannulation of the adrenal vein before angio-CT and success rate of AVS after angio-CT on the right side and both sides.
Univariate analysis
We also sought factors related to correct and incorrect cannulation before angio-CT via univariate analysis of gender, age, height, weight, BMI, and presence of adrenal nodules R5 mm in diameter confirmed by CT within 3 months of AVS.
Statistical analysis
c 2 -test was used to compare the difference between categorical variables, and Mann-Whitney's U test was used to compare the difference between nonparametrically distributed continuous variables. P values of !0.05 were considered to be statistically significant. PASW Statistics 18 software (SPSS, Inc.) was used for all statistical analyses.
Results
A total of 140 patients, 51 males and 89 females, median age 56.0 years (interquartile range (IQR): 18 years), were included in the analysis. Patient characteristics are presented in detail in Table 1 .
Angio-CT detected misplaced catheters in 13/140 patients (9.3%). AVS was biochemically successful after angio-CT in 134 of 140 patients (95.7%) overall, with biochemically successful right-AVS in 135 of 140 (96.4%) patients and biochemically successful left-AVS in 139 of 140 (99.3%) patients.
Sites of misplaced catheters were the inferior accessory hepatic veins in five cases and the renal capsular veins in five cases, and there were three cases of catheter migration into the IVC. All misplaced right AVS catheters detected by angio-CT were correctly repositioned and confirmed by repeat angio-CT. The calculated correct cannulation rate of bilateral adrenal veins before angio-CT was 86.4% (121 of 140 patients, P!0.001) and the calculated correct cannulation rate of right adrenal vein before angio-CT was 87.1% (122 of 140 patients, P!0.001).
When we performed the univariate analysis of factors associated with correct or incorrect cannulation of right adrenal vein before angio-CT, there were no significant differences among the parameters evaluated (Table 2) , although there was a trend (PZ0.052) toward higher incorrect cannulation rate in taller patients. As a final result of AVS, unilateral hyperaldosteronism was confirmed in 30 of 140 cases. Twenty patients had excess aldosterone secretion from the right adrenal gland (14.9%) and 10 (7.5%) from the left adrenal gland; surgery was recommended for all 30 of these patients. These details are summarized in Fig. 2 .
Discussion
The selectivity index is generally regarded as the main determinant of a successful AVS procedure (5) , with cutoff values ranging O1.1 to O5. A cutoff value of O5 was used in this study (adrenal vein cortisol concentration of O200 mg/dl), which was established in accordance with the guidelines of the Japan Endocrine Society (14) . As noted, success rates of right AVS ranging from 55 to 98% have been reported (6, 7, 8) . Although the wide range of accepted cutoff values for the selectivity index makes it difficult to directly compare the results of these studies, we believe that our overall success rate of angio-CT-assisted AVS of 95.7% affirms the value of angio-CT for reducing technical failures during cannulation of the right adrenal vein. The median value of the right-selectivity index among the five patients in whom right AVS procedures failed was 1.5 (IQR 1.2); therefore, even with the selectivity index reduced to a value of O3, all of these cases would have been classified as failures. On the other hand, the selectivity index in the patient in whom left AVS failed was 4.18, and the procedure would have been categorized as a success if we had chosen the lower cutoff value, which further highlights the difficulty of comparing AVS success rates among reports.
There are also different criteria for the diagnosis of PA including its subtype, different criteria for lateralization index, and usage of cosyntropin stimulation. Especially, the use of cosyntropin stimulation for AVS also remains a subject of debate. Monticone et al. (16) have asserted that cosyntropin stimulation is useless for AVS in centers with high success rates; once again, our choice to use cosyntropin stimulation in the current study was due to guidelines of the Japan Endocrine Society (14) . We plan to investigate the possibility of AVS without cosyntropin stimulation using pre-cosyntropin stimulation data collected during this study.
Other CT techniques that have been used during AVS include C-arm CT (9, 10) and Dyna-CT (11), both of which have also proven to reduce technical failure of right adrenal vein cannulation. The overall rate of misplacement of catheters intended for the right adrenal vein was w20% in these reports. Angio-CT is a combination of angio-suites and CT. Compared with Dyna-CT or C-arm CT, angio-CT provides superior low-contrast resolution, wider field of view, and better signal-to-noise ratios. In this study, the rate of correct cannulation of the right adrenal vein was 87.1% before angio-CT and 96.4% after angio-CT. Thus, angio-CT allowed immediate observation of catheter placement with markedly improved success rates.
Although angio-CT is useful to confirm cannulation of the right adrenal vein and to reduce technical failures during AVS, it is important that patient movement, conversation, deep breathing, and breath holding, which may all cause displacement of the catheter, as well venous injury due to high-pressure contrast medium injection, are avoided. In our technique, we also seek to reduce the risk of catheter migration due to patient movement by asking patients to keep their arms at their sides. In addition, to further stabilize the microcatheter in the right adrenal vein, we advanced the micro-guidewire a good distance into the branch of the adrenal vein, which also allowed us to eliminate the risk of venous injury due to high-pressure contrast injection, because we were able to use the guide wire, rather than contrast medium, to confirm the location of the vessel. We obtained angiograms of the cannulated adrenal veins before and after aspiration of blood samples to further reduce the likelihood of failed AVS procedures.
Regarding the five cases of failed right AVS in the present series, we speculated that two of them were due to collection of specimens from the confluence of the smaller right adrenal branches into the wider renal capsular veins, rather than from the adrenal branches. In another case, we suspected that the patient had no main adrenal vein, and a second sampling performed via small collateral veins was successful. The last two failed cases were thought to be due to right adrenal veins that were too narrow or too small to allow stabilization of the catheters, which probably resulted in catheter migration during the sampling procedure. To avoid unnecessary repeat AVS procedures in these cases, we performed blood sampling from several locations, and included selective venous sampling when possible.
Although we could not identify any specific factors that may affect the success of AVS by our univariate analysis, based on our finding that the major route of misplacement of catheters in the present series involved the inferior accessory hepatic veins or the capsular renal veins, and based on other reports about the relationship between the right adrenal vein and the inferior accessory hepatic vein, which may help or hinder the AVS due to its location or size (17, 18, 19) , we speculated that the trend toward a higher rate of AVS failure in taller patients may have been because taller patients could have smaller inferior accessory hepatic veins or wider renal capsular veins than shorter patients. However, the available data does not allow us to validate this tendency.
Finally, we believe that the special microcatheters with tip incision that were used in this study (15) to avoid invagination in the walls of the small branches of the adrenal vein during selective sampling contributed to our success rate. Omura et al. (20) have also reported the advantage of selective venous sampling in a series of patients with multiple unilateral adrenocortical micronodules. Use of these microcatheters for AVS is helpful for aspirating blood from the small adrenal veins, but we could not overlook the possibility of ultra-selective sampling from a particular branch of the adrenal vein. Therefore, it was important to confirm catheter placement in the main adrenal vein.
There were some limitations in this study. First, this study was not a randomized controlled study and all procedures were performed in a single center. To more adequately assess the value of angio-CT in AVS, a prospective randomized multicenter comparison of AVS with and without angio-CT would be necessary. Second, we did not examine the specific technical difficulties of each case. There were difficult cases in this series related to anatomy or breath motion. A multivariate analysis with a much larger group of patients would be required to identify specific technical factors that can be related to success or failure of AVS. Third, we did not assess contrastenhanced CT before AVS in this study. While some patients did have enhanced CT, which might have improved the results of AVS, we determined that inclusion of the combination of enhanced CT and angio-CT was inappropriate for this study protocol. Finally, each angio-CT exam exposes the patient to 2.7 mSv of additional radiation. Therefore, although it is useful, angio-CT should be reserved for cases in which cannulation cannot be confirmed during routine angiography.
In conclusion, we found that angio-CT guidance increases the success rate of AVS with angio-CT, and is especially useful for facilitating correct cannulation of the right adrenal vein. However, angio-CT must be used judiciously in order to avoid unnecessary radiation exposure.
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